. Sustai ned-rel ease oral nol sidonm ne conposition for
treating atherosclerosis The present invention -
~relates to a novel therapeutic use of nolsidom ne and
its pharmaceutically acceptable salts, especially in
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over 24 hours, in the prevention or treatnent of
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5 correlated with the I evel of soluble | CAM 1

(hereafter 1 CAM1s). Furthernore, in nouse

at herosclerotic nodels, it has been observed that a

depletion of ICAM1s |leads to a protective role

agai nst the progression of atherosclerosis. A

| owering of the levels of soluble ICAM1 therefore

seens to constitute an effect’ive means of restoring

t he normal endothelial functions and preventing

and/ or 10 slowi ng down the progression of :

at DeABST,laes insdised in the piotesk sf fornitharof Kieauierdshlatotic lesions.
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manuf acture of a drug for preventing or attenuating

t he devel opnent of atherosclerosis. In a second
aspect, there is provided the use of a conposition
cont ai ni ng -nol si dom ne or one of its pharmaceutically
acceptable salts, said conposition being in the form

of a sustained-rel ease solid oral conposition

effective over 24 hours, for the manufacture of a

drug for preventing or attenuating the devel opnent of




used in the free form but also in the formof a
pharmaceutically acceptable salt such as, in
particul ar,. a hydrochloride. In the foll ow ng
description, the termnolsidonmne will be used to
denote both the free formand the salified form of
this nolecule. In general, in the treatnent of
~atherosclerosis according to the disclosure, the
naol si dom ne will be adm nistered orally, .especially
in the formof sustained- release tablets effective
Over 24 hours. The-expression "effective over 24
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Within the fiamework of the present disclosure, the molsidomine can be

used in the free form, but also in the form of a pharmaceutically accgptable salt
such zs, in particular, a hydrochloride. - -
In the following description, the term molsidomine will be used. to denote
both the free form and the salifiéd form of this molecule. -
‘ In genéral, in the treatment of atherosclerosis according to the disclosure,
the mél_sidomine‘ will be administered orally, especially _in the form of sustained- E

release tablets effective over 24 hours.
The expression “effective over 24 hours” used here means that the amonnt

of molsidomine released by the pharmaceutical form used is sufficient to produce a
. therapeutic plasma concentration of at least 5 ng/m, preferably of at least 10 ng/ml,

over a period of about 24 hours.
The effects of molsidomine in the teaiment of atherosclercsis are

particularly important within the framework of a long-term treatment (at least 6
ﬁnonths). These effects are particularly remarkable on stable angina patients.



- >85%f nol sidoraine released after 18 hours 10--
>90%0f nol si dom ne rel eased after 24 hours, the

pl asma peak of nol si dom ne obtained in vivo occurring
2.5 to 5 hours, preferably 3 to 4 hours, follow ng
the administration of said 3form and haV|ng a val ue
of betmeen 25 and 40 ng/ral of plasma, ~ Inthis
context “"the plasnma peak of nol sidom ne obtained in

~vivo" 15 corresponds to the nmean maxi mum
- concent rRarfioderlyf vatnsbls worlisrie thoterment of hhepisdewais dfave been
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- excessively pronounced troughs, 25 prove particularly

" suitable in the treatnment of atherosclerosis,
‘guaranteeirig a constant and stable release of the
raol si dom ne at the sited affected by

.at heroscl erosi s. ~ Consequently, the relatively

sl ow and constant rel ease of nolsidom ne w thout ,
pronounced and cl ose pl asma peaks seens to constitute
an inmportant 30 characteristic for obtaining the
‘desired effect in the treatnent of atherosclerosis.

The use of naol sidom ne in these sustai ned-rel ease

‘gal enical fauns-is particularly valuable insofar as
this conpound does not induce tol erance and the

safety of its use has been denonstrated in a | arge
nunber of patients. Denonstration of the effects of

nol sidom ne in the treatnment of atherosclerosis 5

1. Characteristics of the popul ation studi ed and

study design The favorable effects of nolsidomne in
the treatnment of atherosclerosis were denonstrated

" by a long-termclinical study conducted on 172

patients 5 presenting with stable angina pectoris.



This study conprised 3 consecutive phases: - a 7-day -
pre-study under placebo; - a 4-week double-blind and
doubl e- pl acebo random zed crossover study during
whi ch the patients received alternately (2 x 2 weeks).
a nol si dom ne-based 10 fornul ati on containing an 8 ny
dose, currently marketed in Bel giumunder the nane
Corvatard(r) (2 daily dosage pgnits), and a '
nol si doni ne-based formulation containing a 16 ny
dose, effective over 24 hours, currently marketed in
Bel gi um under the name Cbruno(r) (1 daily dosage
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50 1pm, in 500 ml of a 0.1 N HCl medium, at 37°C] oft
~15t025% of molsidomine released after 1 hour
—20t035% of molsidomjﬁe feleased after 2 hours

=501 65% - of mois1domme released after 6 hours
~751095% of molsidomine released after 12 hours
© —>85% of molsidomine réleased after 18 hours -
CTo>00% - - of molsidomine released after 24 hours,

the plas;na psak of m0131domme obtained in vivo occurring 2.5 to 5 bours,

preferably 3 to 4 hours following the admmistration of said form, and having a

value of between 25 and 40 ng/ml of plasma.
Tn this context “the plasma peak of molsidomine ‘obtained in_vivo®

corresponds to the mean maximum concentretion of mols1domme fow,md in the

plasma of at least 10 healthy volunteers.
Within the framework of the present disclosure, any galenical form as
described in said mtematzonal patent apphcaﬁon WO 01f‘62256 can advantageously_

In genera_l thesa galemcal forms - make it posmble to .administer

" molsidomine in daily doses prefea:ably of between 14 and 24 mg and particularly

preferably of between 16 and 20 mg. = . )
~ Such galenicsl forms .of molsidomine, whose 24—hour release proﬁle is |

" characterized by the absence of close peaks and excessively pronounced troughs,

prove particularly suitable in the treatment of atheroscleresis, gueranteeing a

- constant and: stable release of the molsidomine at the sites affected by

atherosclerosis.
Consequsnﬂy, the relatively slow and constant reélease of molsidomine

without pronounced and close plasma peaks seems to constitute an important

: charactenstzc for obtaining the des1red effect in the treatment of atherosclerosis.

The use of m0151dom1ne in these sustained-release calemcal forms is -

particularly valuable insofar as this compound does not induce tolerance and the
safety of its use has been demonstrated in a large number of patients.

Demonsiration of the effects of molsidomine in the treatment of atherosclerosis




This study can be represented diagrammatically as
fol | ows: Doubl e-bli nd crossover study 1-year open
- study 20 nol sidom ne 8 ng b.i.d..

Measur enenMeasur enent Measur enent t of | CAMsof

| CA_Msof ICAMs In this diagramand the description
whi ch foll ows, the abbreviati "b.i.d." 30 (standing
for "bis in die") is used t0'§haracter|ze the ‘
adm ni stration of nolsidom ne

1. Characteristics of the population studied and study design

The favorable effects of molsidomine in the treatment of atherosclerosis
were demonstrated by a long-term clinical study conducted on 172 patients
presenting with stable angina pectoris. '

This study comprised 3 consecutive phases:

— a 7-day pre-study under placebo;

—a 4-week double-blind and double-placebo randomized crossover study
during which the patients received alternately (2 x 2 weeks) a molsidomine-based
formulation containing an § mg dose, currently marketed in Belgium under the -

. pame Corvatard® (2 daily dosage units), and a molsidomine-based formulation
containing a 16 mg dose, effective over 24 hours, currently marketed in Belgium
under the name Coruno® (1 daily dosage unit); and

—a 12-month study during which the 172 patients received a rnolsidomine-
based formulation containing a 16 mg dose, currently marketed in Belgium under
the name Coruno®.

This study can be represented diagrammatically as follows:

Doubleublind crossover study 1-year open study

molsidomine 8 mgb.id.

7 days of pre- | 2 weeks 12 months of molsidomine 16 mg p.a.d.
study under >
placebo
molsidomine 16 mg o.a.d. .
k 4 L4 L 4
Measuremen Measurement Measurement
tof ICAMs of ICAMSs - of ICAMs

In this diagram and the description which follows, the abbreviation “b.i.d.”
(standing for “bis in die™) is used to characterize the administration of molsidomine

© 8 mg in two daily dosage units, and the abbreviation “o0.a.d.” (standing for “once a
'day”} is used to characterize the administration of molsidomine 16 mg in one daily



8 nmg in two daily dosage nnits, and the abbreviation
"o.a.d." (standing for "once a day") is used to
characterize the adm ni stration of nolsidomne 16 ng
in one daily 6 dosage unit. Ft is pointed out
that, during the second phase of the study, the
concon1tant use of other anth?nginal drugs was
prohi bited with the exceptiorn’ of sublingual (s.1.)
"isosorbide dinitrate (ISDN) 5 ng in tablet form
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" The circulating ICAM-1 was measured using a commercially available
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10we

25
© 2. Stafistical analvses
- Descriptive statistics (means, standard deviation and %) were used to
characterize the demography and the other parameters of the patient population of
the study. |
30 Analyses “of - variance for repeat measurements, with time as the

classification cntenon followed by Bonferonni post-hoc tests when they were
significant, were used to evaluate the change in the weekly frequency of angina
| attacks, the weekly consumption of s.l. nitro tablets and the levels of circulating
ICAMs during the short-term part (second phase) and long-term part (third phase)



classification criterion, followed by Bonferonn
post - hoc tests when they were significant, were used
to evaluate the change in the weekly frequency of
angi na attacks, the weekly consunption of s.l. nitro
tablets and the levels of circulating | CAMs during
the short-term part (second ppase) and | ong-term part
(third phase) of the study. Student t tests .or
ANOVA with one classification criterion were used to
eval uate the effects of sex, alcohol consunption,
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rq&hlc characteristics and baseline of patients
pa E%;E

ati ng in the study SD = standard devi ati on
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. ag &dnDfe Bre-Fudy WHBHBackBRAR: dA4iRAGATSbIEEVi ation), with
“males inthe myjority (68.0%, and had suffered from
stabl e angi na pectoris for an average of 4.4 4.5
years. During the first phase of the study under
pl acebo, preceding the active 10 treatnents, the
-weekly frequencies of angina attacks and consunption
~of ISDN tablets were respectively 3.7 3.8
attacks/week and 2.5 3.2 tablets/week: Al t hough
the conconit ant consunptlon of antiangi nal drugs had
been authorized during this phase of the study, 67.4%
of patients took no.drugs other than nolsidon ne and
29. 1% of patients took beta-bl ockers only. 15F|gure 1
shows the change in the weekly frequency of angina
~attacks and-
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consunption of sublingual nitro tablets during the
econd and third phases of the study. The

esults are presented in the formof neans standard
rrors in the nean (SEM; ANOVA for repeat '

measurenents, p <0.0001; Bonferonni post-hoc tests:

*
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0]
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* conpari sons versus baseline, 'p <0.0001;
onpari son between 4 weeks afd one year, p-= 0.002;

NS conpari son between 4 weeks and one year, p =
0.

105. As shown in Figure 1, significant
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ttacks and consunption of swully nitro tablets were

nmeasured (p < 0.0001; ANOVA) during the study. 10For
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m&@ﬂﬁébﬁﬂdﬁfesﬁud (mrﬂngl)O tablets, tha7di[REOEWES
eﬁ}%tcﬁic@;’fﬂo ?émre @n the basel i nd 1and i e 4198€k
a§ g 1 Bonfer onni ) ar q7§e Itlrbe
mgﬁ a Iflh one-year treatnent (g 3%_@'
&7 Tabl e 2 bel ow shoy g 2]
Pentrations of |CAM1 s (ng/ nt) mﬁg 2] Surlng
hMeShort termpart (second phase) arcﬁ?mé} erm part
t Worgnphase) of the 20 study, in parftPcu
ENptmaimbithe i nfl uence of sex, al coldlf2c DHSUITptI on,
Not-smekdnabi t s and conconi tant drugd 8n t#slchange
NFirher qeoketss of circulating | CAMIs.[59 ABEWA Val ue -
f SHokdrd Me- group interaction) VN .NCO|GRO ¥68.60 865' 0
Concomitant treatment 172
| No other antianginal medication 116 |67.4
Beta-blockers 50 129.1
Calcium antagomst ~ 2 1.2
Both drugs 4 2.3
Alcohol consumption . 172 _
<1 glass/day 161 1936
>1 glass/day - ' 1 6.4

" 8D = standard deviation
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As shown in Table 1, the patients in the study were aged 56.2 + 8.3 years
(mean *+ standard deviation), with males in the majority (68.0%), and had suffered
from stable angina pectoris for an average of 4.4 £ 4.5 years. ‘

During the first phase of the study under placebo, preceding the active
treatments, the weekly frequencies of angina attacks and consumption of ISDN
tablets were respectively 3.7 £ 3.8 attacks/week and 2.5 * 3.2 tablets/week.

Although the concomitant consumption of antianginal drugs had been
authorized during this phase of the-study, 67.4% of patients took no drugs other
than molsidomine and 29.1% of patients took beta-blockers only.

Figure 1 shows the change in the weekly frequency of angina attacks and
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ANOVA Val ue of p (effect of tinme) 10000> 100-0 10000>
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62ig 267 + 149"/4 249 102fa 202 + 25" 233 + 70fil
243 63"*|ls .282 180 251 1321A
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~ consumption of sublingual nitro tablets during the second and third phases of the

study. ‘

The results are presented in the form of means £ standard errors in the mean
(SEM); ANOVA for repeat measurements, p < 0.0001; Bonferonni post-hoc tests:
** comparisons versus baseline, p < 0.0001; £ comparison between 4 weeks and -

 one year, p = 0.002; NS comparison between 4 weeks and one year, p= 0.105.

As shown in Figure 1, significant overall decreases in the weekly frequency
of angina attacks and consumption of s.L. nitro tablets were measured (p < 0.0001;
ANOVA) during the study.

For the frequency -of angina attacks, the differences were significant
between the baseline and the 4-week treatment (p < 0.0001; Bonferonni) and

between the baseline and the one-year treatment (p < 0.0001; Bonferonni). The

differences were also significant between the 4-week treatment and the one-year
treatment (p = 0.002; Bonferonnt).

“For the consumption of s.l. nitro tablets, the differences were significant
between the baseline and the 4-week treatment {p < 0.0001; Bonferonni) and
between the baseline and the oné—ycar treatment {p < 0.0001; Bonferomni).

Table 2 below shows the concentratic;ns of ICAM-1s (ng/ml) measured
during the short-term part (second phase) and long-term part (third phase) of the
stady, in particular fo determine the influence of sex, alcohol consumption,
nicotine habits and concomifant drugs on the change in the Ievels of circulating
ICAM-1s.
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As shown in Table 2, the 4-week treatment with molsidomine (16 mg o.a.d.
or 8 mg b.i.d.) had no effect on the levels of circulating JCAM-Is.

However, after 12 months of molsidomine 16 mg o.ad., the levels of
[CAM-1s were substantially {p < 0.0001) lower (about 10%), compared with the

baseline values before the crossover stady.

The levels of circulating ICAM-1s tended to be higher in women than in
men. However, the interaction with sex was not signiﬁéant { = 0.914) by
ANOVA, indicating that the decrease in ICAM-1s during the one-year treatment
with molsidomine was parallel overall for both sexes. -

Consumers of alcohol tended to show lower levels of ICAM-1s than non-
consumers of alcohol. All the differences were not significant and the change in
the level of ICAM-1s during the one-year treatment was parallel overall in both
groups (p = 0.149).

Smokers tended to have higher levels of ICAM-1s than non-smokers or
former smokers, but once again the change in the level of ICAM-1s was the same
overall, irrespective of nicotine habits (p = 0.192). :

The use of concomitant drugs such as stating, beta-blockers or a
combination. of both had no influence on the level of ICAM-1s. All the differences
were not significant and the change in the level of ICAM-1s was independent of
the type of concomitant drug absorbed during the one-year treatment period (p =
0.598). :

At the baseline there was no correlation between the concentrations of
ICAM-1s and the demographic factors or risk factors such as age (r = -0.068),
weight (r = —~0.079), duration of stable angina (¢ = 0.042), weekly frequency of
angina attacks (r = 0.137), weekly frequency of consumption of s.l. ISDN tablets

- (r = 0.124), diastolic blood pressure (r = 0.051), systolic blood pressure (r = 0.097)

or heart rate {r = 0.176). :

| The same conclusions could be drawn as regards the correlations between

the variations in the level of ICAM—_]é and the changes in the demographic factors

and risk factors affer a one-year treatment with molsidomine (data not shown).
Figure 2 shows the decrease in the Weeklf frequency of consumption of

. ISDN fiablets as a function of the variation in the level of circulating ICAM-1s after

a one-year treatment with molsidomine 16 mg o.a.d.; the 4 categories of changes in
ICAM-1s correspond to the 4 distribution quartiles.
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effect on the levels of circylating | CAM I s.
However, after 12 nonths of | sidom-ne 16 ng o.a.d.,
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and established smokers tended to have higher levels than men and non-smokers or
former smokers, confirming the observations of earlier studies.
The short-term treatment (4 weeks) with molsidomine did not cause any
30 effect on the levels of circulating ICAM-1. In these patients presenting with stable
" angina, however, the efficacy of the 4-week antianginal treatment was significant
inasmuch as the number of angina attacks and the consumption of sublingual nitro
compounds decreased.
After 12 months of molsldomme 16 mg o.a.d., the levels of ICAM-1s were
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Figure 2 shows the decrease in the weekly frequency

of consunption of |ISDN tablets as a function of the
variation in the level of circulating |ICAMIs after a
one-year. treatnment with nol sidomine 16 ng o.a.d.; the

4 categories of changes in ICAMI|s correspond to the

4 distribution quartiles. 1 The results are
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the mean (SEM; ANOVA, p = 0.031; * Bonferonni

post-hoc tests, p = 0.038. Figure 2, with the
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shown). 154. Di scussion The present study made
it possible to evaluate the effect of a short period
(4 weeks) and a | ong period (one yeas) of treatnent
with nolsidomne 16 ng o.a.d. in patients presenting
wi th stable angi na pectoris. Surprisingly, the -
resul ts obtained show that, after adm nistration of

this 20 galenical formfor one year, the significant

antiangi nal _effects already neasured after a 4-week -

‘treatnent persist, and that the levels of circulating

ICAM 1 s (a proinfiarrunatory marker of endotheli al
dysfunction and a potential therapeutic target in the
pat hol ogy of atherosclerosis) are substantially
reduced. At the beginning of the study, after a
seven-day- pre-study period under 25 placebo, the
level s of ICAM 1 s were conparable to the values
obtained in other studies in patients suffering from.
coronary heart di sease or stable angina. Wonen and
establ i shed snokers tended to have higher |evels than
men and non-snokers or former snokers, confirmng the
observations of earlier studies. The short-term
treatment (4 weeks) with nolsid.om ne did not cause
any 30 effect on the levels of circulating ICAM1. In
these patients presenting with stable angina, °

~however, the efficacy of the 4-week antiangi na

treatnent was significant inasnmuch as the nunber .of -

" angi na attacks and the consunption of sublingua

nitro conmpounds decreased. After 12 nonths of
nol sidonine. 16 ng o.a.d., the levels of ICAMIs were

13 substantially |ower. This decrease was i ndependent

of other paranmeters such as sex, alcohol consunption,
nicotine habits or concomtant nedication. After one

~ year, the antianginal effects of nolsidom ne were

mai nt ai ned or even inproved and the nost pronounced
decrease in consunption of sublingual nitro conpounds

. was 5 observed in patients show ng the gr eat est

decrease in the levels of ICAM1 s (4th quartile).



In conclusion, the reduction in the | CAMis marker
after a one-year treatnent with nol si dom ne 16 ngy
o.a.d. indicates that, in addition to its antiangi na
function, this conpound favors a | ess activated state
of the endothelium 10 and thﬁrefore makes it possible
to prevent and/or slow down fie progressi on of _

at heroscl erosis, especially in patients presenting
with stable angi na pectori ELAINS CLAIMS 1. Use of a
conposition containing between 14 and 24 ng of

mol si dom ne or one of its pharmaceutically acceptable
sglts and JpgiBmpbETbR okt OfetRehUst BidTR0mb @F 8R38domine or
solid oral conpggltlon effective over 24 hours, for

t bae ohits fphamaceutofillp adeeptpbicosalts ragd daingrig floy form of a sustained-
att.enuatjng the devel opnent. of atherosclerosis. 2.
Uielenie Soleioy | CEROSIOM oL eCH R PET BohoEs £ B emiore of a
a ' Lok fle &OEBAREAL FRIAERIAS. 16 T
o?ﬂﬁgpgﬁﬁﬁﬁ@ﬁgﬁm%ggﬁUgeégk a co%%osition cont ai ni ng
~nol si dom ne or one of its pharmaceutically acceptable
salts, said conposition being in the folin of a . e
Sdst a hE8AEETEREA0 SHITA - GPAICCHAELE BRoHe aPpisemFyipned solid
oVEenh : - of a drug for
p%g%8§¢PﬁgH%fmg%§%%32§$gg%¥ﬂ%$%g§§]opnent of
atherosclerosis in patients suffering from angi na

pectoris. . o ) ] ]
3. Use of a composition containing molsidomine or one of its

pharmaceutically acceptable salts, said composition being in the form of a
sustained-release solid oral composition effective over- 24 hours, for the
manufacture of a drug for preventing or attenuating the - development of

atherosclerosis in patients suffering from angina pectoris.



